Abstract
Introduction

29
This study focuses on the dissolution and precipitation kinetics of barite (BaSO 4 barite dissolution and precipitation rates at near to identical conditions to elucidate the degree to 43 which these two processes are linked, and if it may be possible to estimate precipitation from 44 dissolution rates. To improve our understanding of barite reactivity at ambient conditions, we have 45 measured its dissolution and precipitation rates in batch reactor systems. The purpose of this paper 46 is to report these results so they can be applied to elucidate barite reactivity in natural and industrial 47 processes.
48
A number of studies have explored the rates and mechanisms of barite-water interaction 49 (Collins and Leineweber 1956; Walton, 1963; Klein and Fontal, 1964; Mealor and Townshend, 50 1966; Gunn and Murthy, 1972; Symeopoulos and Koutsoukos, 1992; Murthy, 1994; Pina et al., 51 1998) and others have derived the reaction order of barite-fluid reactions using conductivity 52 techniques (Nielsen, 1958; 1959; Nancollas, 1968 Taguchi et al., 1996) or activity methods (Bovington and Jones, 1970).
55
Studies of barite dissolution and precipitation mechanisms have also been used to provide insight Bulk barite dissolution and precipitation rates in NaCl-bearing aqueous solutions have been 59 reported by Christy and Putnis (1993) and Dove and Czank (1995) . Christy and Putnis (1993) 60 suggested that barite dissolves via a first order reaction with respect to its saturation state and 61 reported that there was no effect of dissolved NaCl, on the rate at concentrations up to at least 0.1 62 molar. In addition, they concluded that barite precipitation rates increase with a second order 63 dependence with respect to barium concentration but is pH independent. Dissolution and growth 64 rates for barite have been extrapolated from atomic force microscopic (AFM) measurements by 65 Higgins et al. (1998) and Godinho and Stack (2015) . Other AFM studies demonstrated that factors 
Background
82
The standard state adopted in this study is one of unit activity for pure minerals and water at 83 any temperature and pressure. The standard state for aqueous species is taken as unit activity for the 84 solute in a hypothetical one molal solution extrapolated to infinite dilution. Barite dissolution and 85 precipitation can be described using:
(1) BaSO4(barite) = Ba (aq) + SO4 (aq 
97 where stands for the surface area normalised dissolution or precipitation rate, signifies the 98 concentration of th element in the reactive fluid, designates time, corresponds to the total 99 mineral surface area, and represents the mass of fluid in the reactor. Surface-controlled 100 dissolution and precipitation rates are commonly fit to the following empirical rate law:
102
where k refers to a rate constant and n denotes the reaction order. 
106 where refers to the forward dissolution rate. The parameter n' in Eqn. 5 is the product of the
107
Temkin's stoichiometric number and a reaction order that depends on the mechanism; Temkin's 108 stoichiometric number is equal to the ratio of the rate of destruction of the activated or precursor 109 complex relative to the overall rate (Temkin, 1963) . A reaction order of 1 is typically attributed to 110 linear growth and a reaction order of 2 to spiral growth. 
MATERIALS AND METHODS
112
The dissolution and precipitation rates of minerals can be influenced by the pretreatment of 
114
In an attempt to limit such effects, a minimal preparation of the starting barite was performed. were further analysed both before and after selected experiments by scanning electron microscopy 125 (SEM), using a FEI Quanta 3D SEM and by X-ray photoelectron spectroscopy (XPS), using a
126
Kratos Axis Ultra XPS.
127
Closed system experiments at 25 and 60 °C were performed in acid-washed polypropylene
128
Nalgene© reaction vessels, placed in a THERMOLAB GFL 1083 temperature-controlled,
129
reciprocating motion shaking bath that is similar to the reactor systems used by Harouiya et 
RESULTS
153
Observations of the solid phase
154
Representative SEM images of the barite prior to and following the experiments are shown 155 in Fig. 1 . Prior to the experiments, the barite crystals had flat surfaces that were free of other 156 mineral phases except a dusting of <500 nm diameter particles that adhered to the larger grain 157 surfaces (Fig. 1a) . After dissolution, etch pits had formed (Fig. 1b) . Precipitation resulted in the 158 smoothing of seed crystal terraces and the formation of rhomboidal crystals (Fig. 1c) . Some 
170
Initial experiments at 25 o C and 1 molal NaCl were designed to assess the effect of aqueous 171 fluid mixing on measured barite rates. The results of these experiments are presented in Fig. 2a 
185
Further experiments designed to determine conditions at which barite growth can be studied experiments in acidic to circumneutral conditions, though with a slight rate increase as pH increases.
212
At basic pH, the approach to equilibrium is slower and the steady state Ba concentration is also because of the alteration of the mineral surface caused by the presence of hydroxyl ions.
276
As the data in the data generated in this study using the Arrhenius plots shown in Fig. 12 , where the natural 
343
Taking account of the observations described above, the dissolution rate constant for barite 344 can be estimated using Eqn. 5 and = 0.2 generated from: ,
345 where represents a constant, corresponds to the hydrogen ion activity and denotes the ionic 346 strength of the fluid. Regression of the dissolution rate constants listed in Table 2 converge to an identical slope on the rate versus saturation state plot as they approach equilibrium.
395
Figs. A and B in the electronic supplement show the corresponding plots for barite dissolution and 396 precipitation at 60 C and in the presence of Ca, Mg, and Sr. These plots were generated using Eqn.
397
5 and the parameters listed in Table 2 and the fits match strongly to the data shown in Figs. 3 and 8.
398
The fact that the slope of the curves in Figs. 14, A and B do not change as the curves cross 
Implications for natural systems
404
These results demonstrate that barite rapidly dissolves and precipitates at ambient barite equilibrium is broadly achieved in nature.
426
A notable observation is that despite the fact that barite dissolution and precipitation appear 427 to proceed via distinct reaction orders, suggesting distinct reaction mechanisms, these rates vary as Eqn. 5 and the parameters provided in Table 2 Table 2 . 1   ---------------------------------------Initial reactive fluid composition (mol kg  -1 ) --------------------------------- Table   Table 2 . Rate parameters for barite dissolution and precipitation, determined from closed system experiments; n' = 0.2 for dissolution and n' = 1 for precipitation. extrapolated to the logarithm of the rate constant for precipitation using the activation energy for dissolution.
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